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(57) Abstract: A na'sh-memory-card reader (42) reads and 
writes multiple types of flash-memory cards (16, 18, 24, 28, 26), 
including CompactFlash (16), and the smaller SmartMedia (24), 
MuhiMediaCard (28), Secure i:>igital (26), and Memory Stick (18). A 
converter chip (40) converts the different card signals for transfer to a 
host personal computer (PC) (20). Serial-io-parallel data conversion 
is performed for the smaller card formats with serial data interfaces, 
but not for CompactFlash with a parallel-data interface. A single slot 
(22) has a 50-pin connector for CompactFlash cards (16) or passive 
adapters (30, 32 34). The passive adapters have the CompactFlash 
(16, 28, 24, 18) form factor and a smaller connector fitting smaller 
flash cards (30, 34, 32). Passive adapters have no components but 
simply wire the smaller connector to the CompactFlash connector 
(62, 64, 66, 68). A pin mapping allows card-type detection by 
sensing the LSB address pins of the CompactFlash interface. A laj^er 
CompactFlash reader (42) has multiple slots (44) for each card type. 
The reader (42) is connected to the PC by a cable (46), or located 
within the PC chassis in a drive bay. A stand-alone reader (42) copies 
images from the flash-memory card (16) to a removable disk media. 
Pressing a button initiates image transfer. 



Best Available Copy 



wo 02/05102 Al llllililiiiiiiliill 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations *' appearing at the begin- 
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FLASHTOASTER FOR READING SEVERAL TYPES OF FLASH MEMORY 
CARDS WITH OR WITHOUT A PC 



FIELD OF THE INVENTION z 

This invention relates to flash-memory readers, and more ijiarticularly for 
interfacing several diflFerent tyjpes of flash-memory cards to a personal computer. 

BACKGROUlVp OF THE INVENTION 

Digital cameras hayebecome qne of the most popular of electronic devices. In a 
recent year^ njpre digital cameras were sold than tradtipnal film cameras. Im from 
digital cameras can be downloaded and stored on personal computers. Digital pictures, 
can be converted to common formats such as JPEG and sent as e-mail attachments or 
posted to virtual photo albums on the Internet v Video as well as still images. can be 
;;;^ca|rtur^ 'r^^ ' ■ y>'}L^?^:'\:ir:'^^ 

Digital-caineras typically capture images electronically and ultimately store;the^'- 
images as bits (ones and zeros) on a solid-state memory. Flash memory is the most 
common storage for digital cameras. Flash memory contains one or more electrically- 
erasable read-only-memory (EEPROM) integrated circuit chips that allow reading, 
writing, and block erasing. 

Early digital cameras required the user to download or transfer the images from 
the flash memory within the digital camera to a personal computer (PC). A standard 
serial cable was most widely used. However, the limited transfer rate of the serial cable 
and the large size of the digital images made such serial downloads a patience-building 
experience. Serial downloads could easily take half an hour for only a few dozen images. 

Digital camera manufacturers solved this problem by placing the flash memory 
chips on a small removable card. The flash-memory card could then be removed from the 
digital camCTa, much as film is removed from a standard camera. The flash-memory card 
could then be inserted into an appropriate slot in a PC, and the image files directly copied 
to the PC. 
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Figure 1 A shows a flash memory card and adapter for transferring images from a 
digital camera to a PC, A user takes pictures with digital camera 14 that are stored in 
image files on flash memory chip(s). The flash memory chip is contained in 
CompactFlash card 16, which can be removed from digital camera 14 by pressing a card-, 
eject button. Thus CompactFlash card 16 contains the image files. 

. While some smaller hand-held computers-pr personal-digital-asisistants (PDA) , J 
have slots that receive CompactFlash cards, most PC's do not. Laptop or notebook PC*s . 
have PC-card (earlier known as PCMCIA, Personal Computer Memory Card 
InVematibriar Association) slots that can receive PCMCIA cards. Many functions have *^ 
been placed on PCMCIA cards, such as modems, Ethernet, flash memory, encryption 
-keys, and even miniature hard'drives. - "'-'^^^^^^^ - ■ 
CF-to-PCMCIA adapter 10 is a passive adapter that contains an opening that 
receives CompactFlash card 16. Figure IB shows CF-to-PCMCIA adapter 10 with 
' CompactFlash card 16 inserted. Such CF-fo-KiMG for as little as $5- 

^' 10. CompabtFlash is a trademark of SanDisk Coip- bf Sunny'Vsile; CaLlifornia. - • ' " 
- ■ -FfguitTe shoWa PC cbnh&teTto a'PCl^ laptop and notebook* 

PC's contain one or two PCMCIA slots 22 that CF-to-PCMCIA adapter 10 can fit into. 
Then the user merely has to copy the image files from CompactFlash card 16 to the hard 
disk of PC 20. Since high-speed parallel buses are used, transfer is rapid, about the same 
speed as accessing the hard disk. Thus a half-hour serial-cable transfer can be reduced to 
less than a minute with the $5 CF-to-PCMCIA adapter. 

Desktop PC's usually do not have PCMCIA slots. Then PCMCIA reader 12 ceui 
be used. PCMCIA reader 12 accepts CF-to-PCMCIA adapter 10 and connects to PC 20 
through a parallel or high-speed Universal Serial Bus (USB) cable. 

Multiple Flash-Card Formats 

Although the CompactFlash card format is relatively small, being not much more 
than an inch square, other smaller cards have recently emerged. Figure 2A illustrates 
various formats of flash-memory cards used with digital cameras. Many digital cameras 
still use CompactFlash card 16, which can be inserted into CF-to-PCMCIA adapter 10 
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for transfer to a PC. Other smaller, thinner formats have emerged and are used with some 
manufacturer's digital cameras. :For example, SmartMedia card 24 is less than half an 
inch long, yet has enough flash memory capacity for dozens of images. SmartMedia-to- 
PCMCIA adapter 10' is available commercially for about $60. The higher cost is 
beheved to be due to a converter chip within adapter 10\ Also, different adapters 10' are 
required for different'ffiemojg^'capacities of SmartMedia card 24. Smar^edia is a '* 
trademark of the SSFDCFonm ofiTokyo, Japan. - - " ' 

Other kinds offlash-rhemory cards that are being championed by different 
manufacturers include MiilttlVlediaGard (MMC) 28 and the related Secure Digital Card" " 
"(SD) 26. MMC is a trademark of SanDisk Corp. of Sunnyvale, California while SD is ' 
controlled' bylhe SD Group that includes Matsushita Electric Industrial Co;, sEiiDisk'''' "* 
- Corporation, Toshiba Corp. Another emerging form factor from SONY is Memory Stick 
18. Memory Stick has a PCMCIA/Floppy adapter while MMC has a floppy adapter. 
... _ diffei;6nt pTiysieal sMpes^^^^^ cards 24,^26, 28 and ' " 

"Memory Sticfc^TS^ prevent their^i^ adi^ter 10. Indeed, rSst of ti^^e 

cards 24, 26, 28'have Ws Sim piffs, while CompactFlash card i6 has a lai-g^ 50^ 

pin interface. Furthermore, serial data interfaces are used in the smaller cards 24, 26, 28 
while a parallel data bus is used witii CompactFlash card 16. 

Figure 2B shows a Memory Stick-to-PCMCIA ad^ter using an active converter 
chip. Memory Stick 18 fits into an opening in Memory Stick-to-PCMCIA adapter 15, 
allowing adapter 15 and the Memory Stick to be plugged into a standard PCMCIA slot 
on a PC. However, adapter 15 has an integrated circuit (IC) converter chip 1 1 within it. 
Converter chip 1 1 may be needed to convert the serial data fonnat of Memory Stick 18 to 
the parallel data fonnat of a 68-pin PCMCIA slot. Inclusion of converter chip 1 1 in 
adapter 15 significantly increases the cost and complexity of adapter 15 compared to CF- 
to-PCMCIA adapter 10 which is a passive adapter without a converter chip. 

While the advances in flash-memory card technology are useful, the many 
different card formats present a confusing array of interface requirements to a PC. 
Different adapters are needed for each of the card formats. PCMCIA card reader 12 can 
be replaced with other format readers, such as a SmartMedia Card reader, and even some 
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multi-Standard readers are available, such as a univei-sal reader from Lexar Media that 
reads^GoHg^actFlash or SmartMedia in addition to PCMCIA. 

" What is desired is a universal adapter for flash-memory cards of several different ^ ' 

. _ . . . formats. An adapter thaUccepts SmartMedia, MultiMediaCard, Secure Digital, and 

: — 5 . .Memory Stipk .cards is desired. A . r - . ;:iv-:T:-^:^ 

* -f-: '-^Tfomia^eard^ desired. Sp^iai^ection logic cm tihi^ flash f^der is ' ' ^2^:^^^^^^^^^^^ 

■; * ' : : -^■•'k-r - ^^sjred toMistogmshr^^^^ the many flash-card formats is desirable. Albw-cdst i^- i^f K^r^iiv 

-r^UT"^ "f^- . ^ ^passiye^adapJeL^^^ converter chip. A multi-format ' ^-:^:^<i^'^^y 

- X . . ' ; - - reader is;desired-for a PC. A-stand-alone-flash reader i'sWsired thait can' copy image files"^ Ci^'^t^^ 

: : 10 . -v* fromjlasbc . . : ~ - ~ i;™-",:^;'^ 



SUMMARY OF THE INVENTION ^^^^ 

" A'iwngle-slbtmu^^^^ . -11 

- " trasisfeiri^^^ is-coupled to the personal ' " -r^l^^ T ™ -^iT 

15j^ " ■ " computer inter^^ multiple flash^Si iht^^^ a format used by the 1 .1,1^.-' i 

personal cbm^uteHnterface. TliemuW^ 

interface and smaller interfaces having fewer pins that the CompactFlash interface. 

A CompactFlash coimector is coupled to the converter means. It receives a 
CompactFlash card through a single slot in the single-slot multi-flash-card reader. The 
20 CompactFlash connector makes electrical coimection with the CompactFlash card for 

signals in the CompactFlash interface. 

An adapter has a physical shape to removably insert into the CompactFlash 
connector. The adapter has a matmg CompactFlash connector that fits the CompactFlash 
connector. The adapter also has a smaller coimector. The smaller connector fits to other 
25 flash-memory cards having the smaller interfaces. 

A wiring means in the adapter connects between the smaller connector and the 
mating CompactFlash connector. It directly connects signals from the smaller connector 
in the smaller mterface with signals in the mating CompactFlash connector. Thus the 
adapter allows the other flash-memory cards having the smaller interfaces to fit into the 
30 CompactFlash connector through the single slot to be read by the converter means. 
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In further aspects the wiring means connects card select signals from all of the 
smaller interfaces to card select signals in the CompactFlash connector. The converter • 
means includes a card-detect means that is coupled to sense the card select signals. It 
detects presence of a flash-memoiy card inserted into the CompactFlash connector. Thus - - _ 

the converter means detects presence of CompactFlash and the other flash-memory cards '-r " - ^ • 

V- oJr^ v V BWEFDESCMPTIONGFtHE DRAWIl^S 

. r - . V p-^yg 1 A shows a flash memory card and adapter for transferring images'frdm "a" 

iiF"^- ' " ' "■ ' ^ - ■'^-"v^ 

Figure IB shows CF-to-PCMCIA adapter 10 with CompactFlash card 16 
""" . inserted. .-'^r^^ :: • 

- ^ • ' " ' ■ ' Figure IC shows; a PC connected to a PCMCIA reader. ; 

SS^^"^' .H?;;?^^ c-^- r '\^I?igitfe^^iI^^ used- with^aigit^^?^ 

Figure 2B shows aMemory Stick-to-PCMCIA adapter using an active converter 
■ chip. .... 

. . Figure 3 A shows a universal CompactFlash adapter that accepts SmartMedia, 

MultiMediaCard, Secure Digital, and Memory Stick flash-memory cards. . 
20 Figure 3B shows a CompactFlash reader that reads SmartMedia, - 

MultiMediaCard, Secure Digital, and Memory Stick flash-memory cards through passive 
adapters to the CompactFlash form factor. . 

. Figures 4A-E show card-type detection using the Al , AO pins of the 
CompactFlash reader interface. 
25 Figure 5 is a table of pin mappings for the SmartMedia, MMC/SD, and Memory 

Stick to CompactFlash adapters. 

Figure 6 is a diagram of a multi-slot embodiment of the flash-card reader. 
Figure 7 shows a flash-memory reader within a PC. 

Figure 8 shows a PC chassis with a flash-card reader in one of the drive bays. 
30 Figure 9 is a diagram of a stand-alone FlashToaster that accepts several formats 
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of flash-memory cards and can copy images to a removable disk without being connected 

to a host PC. 

Figure 10 is a diagram.of the converter chip for the flash-memory reader: " - ' 

'nie present invoition relates to an improvement in flash-me^ • - : .r . / . . 

- - " — ' - T^^'foHowing descnj^^^^^ ■ ~ ' 
^j^,^- ..:y :^^r^^'^?^-^and?iis^ the context of a particulS application^ 

* r. -' ^ requifemerits. Various ihodifications to the preferred embodiment will be apparent to " ' r ■ 

' • W ^ ^ those with skill in the art, and the'general principles de&ued hei^'ma^ T::;;^ 

- r- - : ' ■ "Other W)6dimentSw The^ 

. : particular embodiment shown and described, but is to be ac 

consistent'witH the^princip^^^ herein disclosed. - - r -.^^-^^^ 

- ' ' any of the othier Mash-memory cards that plug into the CompactFlash adapter. The ^ " ' ■ * ■ ' * " - " ■ 

: adapters are simple, inexpensive passive adapters without a conversion chip. 

- ~ - - ' The inventors have found a pin mapping jfrom the smaller flas^^ , , . . 

- CompactFlash that allows for easy detection of the .type of flash-memory card inserted - ' " • ' - - . 

20 - - - into the adapter. Detection of the type of flash-memory card is thus performed - - - 

automaticaUyby electronic detection by the CompactFlash reader; The Con^^ 

. r . - reader is modified to perform tins card-type detection. Signal conversion such as serial- - ^ . - -Vr- j- • 

to-parallel is performed by the CompactFlash reader rather than by the adapter. Adapter 
costs are reduced while CompactFlash reader cost is increased only slightly. The 
25 CompactFlash reader can use a single CompactFlash slot to read multiple flash-card 

types, including SmartMedia, MultiMediaCard, Secure Digital, Memory Stick, and 
CompactFlash. 

In another embodiment, the CompactFlash reader is somewhat larger, and has 
multiple slots. The adapter is not needed in this embodiment. Instead, a slot is provided 
30 for each of the flash-memory card formats - SmartMedia, MultiMediaCard, Secure 
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Digital, Memory Stick, and CompactFlash. A PCMCIA can also be added. This 
CompactFlash reader can be connected. to ^the PC by a USB cable, or it can be located 
within the PC chassis. - . . . 

In a third embodiment, the CompactFlash reader is a stand-alone device that can 

. ^ operate without a PC. A removable disk media such as a R/W CD-ROM isincludedv ^. . - 
Images from the flash-memory card are^copied to-the r^ media By tKe^' . : : 

CompactFlash reader. A sifliple interfacejs'used,.such as having the user presses a^buttqn... 

^,tp initiate image transfer..- - J. . . v — ^ .^.^ - .v. . j ^ ■^-■-■'^r-— ^■^^•^i^^.-^.t.^^'^ 

Universal, Passive Adapters - Figs. 3A-B, ..-.',-r- - - ■ : • • 

Figure 3 A shows a universal CompactFlash adapter that accepts SmartMedia,.. ■ 
MultiMediaCard, Secure Digital, and Memory Stick flash-memory cards. Digital camera 
14 stores images on flash memory that is in one of several card types. CompactFlash; card 




SmartMedia card 24 is smaller flash-menioiy c^^ 
transfers d^ta in an 8-bif parallel formal SmartMed^ adapter 30 cpnyerts the 22-pfei - 



SmartMedia interface to jBt within the 50-pin CompactFlash interface. AVhen SmartMedia 
card 24 is plugged into SmartMedia adapter 30, both can be plugged into a 
CompactFlash slot on a CompactFlash reader. Of course, ordinary CompactFlash readers 
will not be able to read SmartMedia card 24 since special signal conversion is required 
by the CompactFlash reader. . 

MultiMediaCard 28 and Secure Digital card 26 are flash-memory cards with 
similar 9-pin interfaces. Serial data transfer is used through a single Data I/O pin. 
MMC/SD adapter 32 has an opening with a 9-pin connector to receive either 
MultiMediaCard 28 or Secure Digital card 26. Once MultiMediaCard 28 or Secure 
Digital card 26 is inserted into MMC/SD adapter 32, then MMC/SD adapter 32 can be 
inserted into a CompactFlash slot on a special CompactFlash reader. The CompactFlash 
reader ibea detects the card type and performs serial-to-parallel conversion. 

Memory Stick 18 is also a flash-memory card with a 9-pin, serial-data interface, 
but is narrower and longer than MultiMediaCard 28 or Secure Digital card 26. Memory 
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Stick adapter 34 has an opening with a 10-pin connector to receive Memory Stick 18. 
Once Memory SticfelSris inserted, Memory Stick adapter 32 can itself be inserted into a 
CompactFlash slot on a special CompactFlash reader. The CompactFlash reader then 
detects the card type and performs serial-to-parallel conversion. 

Figure3B shows.a CompactFlash reader that reads SmartM^^ r 
MultiMediaGju-d^^Secure^-Digitalfan - -'r -/a. j^ ^- 

adapters. to CpmpactFlajsh fpnn factor. CompactFlash, readejr 42 has .an.opening oir^ " fi • - • -y^^'^ 
slot with SO-pm cofineQtQr 44 : . ' , ^ 5 

performs handshaking with CompactFlash card 16 and performs data transfer. ' - . - . 

' CompactFlash reader 42 also connects to a PC over USB connector 46. Controller chip - • -> "^l;:: r 

J 40 .also controls the USB interface to the host-PC, allowing image files to be transfeired-; - ; - • ■ / 

to.thePC from CornpactFlash card 16. _ ^ . \ .i- n.; 

Other kinds of.flash-memoiy cards can also be read by CompactFlash reader 42^ — 
. For exampb Stick adapter- 34 y"^ '•'^^ . ry/ 

-.has an opening ^aigt^emory-^^^^^^ Memoiy Stick adapter 34 itself fitsr-.^^^".^^^^^^ , 

into 5GTpimcbimectbrt443 •c=^^:T^^:- 

■ card. 

SmartMedia card 24 can also be read by CompactFlash reader 42, using 
SmartMedia adapter 30. Likewise, MultiMediaCard 28 or Secure Digital card 28 can be 
read using MMC/SD adapter 32. 

Adapters 30, 32, 34 are passive adapters that only connect pins from the smaller • ' 
flash-memory cards to the 50-pin CompactFlash connector. An active converter chip is 
not required, greatly reducing cost and complexity. 

Detection of Card Type - Figs. 4A-E. 

Figures 4A-E detail detection of the type of flash-memory card by the 
CompactFlash reader. Since the same CompactFlash slot is used for many kinds of flash- 
memory cards, a detection method is xiseful so that the user doesn't have to explicitly 
indicate what type of flash-memory card is inserted mto the CompactFlash reader. 

The inventors have carefully examined the pins of the interfaces to the various 
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flash-memory cards and have discovered that type-detection can be performed by 
- ...r: examining two address pins. Address pins AO and Al are the least-significant-bits (LSB) ^-"-^ -iy^rr^r - 
of the address of the 50-pin CompactFlash interface. These pins are normally inputs-to 
the CompactFlash card and thus are driven by the CompactFlash reader. When the reader 
. ^. - .5 . . doesnotdriye AO, Al to the inserted !Qo > - : .. ' ^ ^ 

4.;:^^ • ^ '^'^''^^ Adi^ess pins are. not -present oiji^ti^ 
. ' -- . . ^ - 1^^^ Stick, the address " ^^^^^^ - ~; 

r. -: ' sent serially. Using -the adaptersj: pins from the-other flash-memory cards canbe"^ ■-•^^^^^-^^^ 
^.^^;,r^-. .,,..^^^ JO - connected to the CompactFlash pins:vBms^ AO. and Al are used to detect the type^o^f card; -^.-^^^^^^^^ -i:. - .: . 

.For SmartMedia, the addresses are sent; by using a special control sequence foUoWed-^by-^^- ■-■^^.^i=^iB>:^:,':r'''^h' 
• 3 or .4 .bytes of starting address. - 

. . InjFigiu*e4A, the'Al, AOpinsoftheCompactFlas ■ ^-..t,.-. _y 

1^:^:^. ^tii: ■ .-^^ ^i: ?>^ghlighted,^(^ the,Cpmp^c^ i^der npnnaily drives' alU: 1 addressli^ 

while the Al pin from the CompactFlash card plugs into connector cup 58 of 50-pin 

coimector44.. . ^ : 

Card-type detector 50 has two puUup resistors added to Unas AO, Al . Resistor 52 
20 ■ pulls line AO high to power (Vcc) when neither converter chip 40 nor a card plugged into 
connector 44 drives line AO. Likewise, resistor 54 pulls line Al high when line A 1 is not 
being actively driven. During detection mode, converter chip 40 is programmed to not 
drive lines AO, Al and instead use then as inputs to the detector logic. 

In Figure 4B, a CompactFlash card is inserted into the connector for card-type 
25 detection. CompactFlash card 16 is plugged into connector 44. Since AO and Al are 

inputs to CompactFlash card 16, they are not driven by CompactFlash card 16. During 
detection mode, converter chip 40 also does not drive pins AO, Al . Thus lines AO, Al are 
left floating and are each pulled high by resistors 52, 54. 

Detection logic in converter chip 40 reads card-select pins CDO, CDl to detect 
30 the presence of a flash-memory card. When a new card is present, detection logic then 
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reads pins AO, Al as inputs. Both inputs are high. The detection logic in converter chip 
40 recognizes the HH state of AO, Al as indicating that a CompactFlash card-is plugged 
into connector 44. Converter chip 40 then exits detection mode and configures its 
interface to connector 44 for the 50-pin CompactFlash interface as shown later in Figure 

■ ;:v- ■ 4--* ^ -In^igure:4Gra MultiMediaCard or Secure Digital card limsefted-iiud^Iff^^ 
-^--connector-forx?^^ 28 (not shown) is pluggai^irito:r:ivr:re:^^ - 

■-.ri^zj^-vSf- • - : : .-'^ ;;• . .;^c:c?^^-r Converterfchipi^^^^^^ not^drive pins'Al, AO "during detection mode: TK5i'-pM'—' --^"^ 
10"=^- > At^floats- ^^^s^ullediugh pin^is driven low by the MM^ ' V"^' - 

:.^hiA?::-^.- - ^iw^- r ^:-^ ' ' r-r - - - -Detection^logic -in- converter chip 40=reads^card^eleet-pins^GD0; CDl f o^ detect^ - ^ -^^'^^ 
- ^ - ; t^:,- ;. . , : presence of a flash-memory card. When a new card is present, detectioriibgie^tHeh '^ - . . ^ ^ ■ - 

^ . . : .rr- ; : , reads pins AO,- Al as inputs. While AO is low, Al is high. The detection logic in - -5— - -i i-.-;":.^ 
S'c^cony^^ thata MMiS^^ 

U^gl^^5^fe^^s^-t^%--co 

Figures. . * 

In Figure 4D, a SmartMedia card is inserted into the connector for card-ty^ 

' detection. SmartMedia card 24 (not shown) is plugged into SmartMedia adapter 30 - - 

20 which is plugged into connector 44. The adapter 30 does not connect piris AO, Al jBrom 

the CompactFlash interface to any pins on the SmartMedia card. Adapter 30 interiially ■ - A. 

connects pin Al from the CompactFlash interface to the ground pin on the C^^ 

interface. 

The SmartMedia card does not drive either pin Al , AO, although adapter 30 
25 drives pin Al low. Likewise, converter chip 40 does not drive pins Al, AO during 

detection mode. Pin AO floats and is pulled high by resistor 52. 

Detection logic in converter chip 40 reads card-select puis CDO, CDl to detect 
the presence of a flash-memory card. When a new card is present, detection logic then 
reads pins AO, Al as inputs. While AO is high, Al is low. The detection logic in 
30 converter chip 40 recognizes the HL state of AO, A 1 as indicating that a SmartMedia card 
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is plugged into connector 44. Converter chip 40 then exits detection mode and configures 
its interface to connector 44 for the 22-pin SmartMedia.interface as shown later in Figure 

.... 5. ,. . ...... , , , . , 

In Figure 4E, a Memory Stick card is inserted into the connector for card-type 
. 5 detection. Memory Stick pard 18 (not shown) is plugged into Memory Stick adapter 34 -..^ , -r, 

- . . _ ... -^r>.c ; :^T.. . which is pliigged into jcpnnector 44, ^ . ..r^-ir-t-^^:::.^^:^:^.'^^ ... w; ^tc -v^ v... ."?i.wH^c-=rv^^- . 

... . ........ . _ Detection Jogicjn converter chip 40 reads card-select-pins^GDO, (^ .t: -^^^^^^ i 

~ .v^v v - - I?????S!lr9l^.fl^?^'^^^^ Whm aiiew card is present, detection . logic thai 

jf^'^f r:::.::^-:^ ;.r^^ds,pins..AQ, A as inputs, Both piiis-AO,,Al.:are low. The detection logic in converters v-.^-^rf?T:Er>?^^'- 

a. J? dup^O recogjiiz^ that a Memory Stick card:is^^:,.:i::s^;:.,:-^^ 

. . Pin Mapping - Fig. 5 _ _ ... , _ . _ : :^ . . ^ * Z-^:.:. 

i^^^'tii: -r;::^^:^- r -^^^v.^^.,- : .c- ■ SS^-^I?^^ table 0^ M^O?^- • - *f 

^ir;?.r .r.r .^^5:^^=:7-•:i?-a---^:.t ^9 CJompac^lash adapters^ TTi?;,pinm^ foT.-i:-jf?5r:>i-:r.^-,j^^^^^^ 

designation. The adapter connects the proper pin on the smaller interface to the 
CompactFlash pin nxmiber shown in Figure 5. Simple wiring such as individual wires, 
flat cables, printed-circuit board (PCB), or wiring traces can be used. 

20 , The ground pins on the smaller interfaces are connected to CompactFlash pins .1 j , 

and 50. Ppwer pins are connected to CompactFlash pins 13, 38. Pins 25, 26 are the card : r., 
detect signals for CompactFlash, which the adapters connect to the card-detect signals on . , - . 
all smaller interfaces. 

The CompactFlash connectors use pins 2-6, 21-23, 27-31, and 47-49 for the 16- 

25 bit parallel data bus to the CompactFlash card. Pins 8, 10-12, and 14-20 fonn a separate 

11 -bit address bus. The separate data and address buses provide for rapid random 
addressing of CompactFlash cards. Other control signals include pins 6, 32 chip enables, 
pin 9 output enable, pin 36 write enable, interrupt pin 37, reset pin 41, and register REG 
pin 44. REG pin 44 is the Attribute Memory Select, defined based on the CF mode of 

30 operation, i.e. PCMCIA I/O mode, IDE or PCMCIA Memory Mode.Several pins in the 
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SO-pin interface are not connected. 

The smaller SmartMedia^terface also has a parallel data bus of 8 bits. These are 
mapped to pins 2-6, and 21-23 of the CompactFlash interface to match the CompactFlash 
D0:7 signals. While no separate address bus is provided, address and data are 
- - ^ -^ ni^ltiplexed. Control signals fo^^^ r. . 

i/j^.i^^>:r7*^-?.T^i'^^^ ^r. .and ready handshake^arevamongcthe^coritrol signals; Output enable ^OE^^d w^ 

r;rv-: :rWE are mappjeAtg the saiM CompactFlash imerface:;The^j^^- .r^ri 

i^:^: \ -total number df pins iii the Siria^Ifjiiainterfi^ ';:S^;?^Sy^=^'^ *: W-^ 

- The Memory. Stick and-]^ -s^ ^^t^^- 

-since parallel data:or;address.busses^are^ 
v..-^-.. ..^through serial. data jiia©IO,^hich is mapped^© pin 19 (Al). Data is clocked in'^r^^ -^^^ -^r-^ 
:-~^r-r ; * : synchronization to clock SCLK on pin 18.-Acommand.signalCMD or BS occupies ^p^^^ * . 

^ . .. 20 (AO). The MMG/SD. and Memory.Stick interfaces require only 6 pins plus p^^^^ - 

iym^fi^Sii^^M^ r^f^^^ .^-petectidn^bgi^in^dS^ ^.gcMiet^c^^ 



4He preserice-bi^a^fliall^^ 

reads pins AO, A 1 as inputs to determine the card type; The puUup resistors of Figure 4 A 
together with wiring inside the adapter and the card's behavior determines whether AO,' 
Al are pulled low by the adapter or pulled high by the puDup resistors. 



20 



. - Multi-Slot Multi-Flash-Card Reader - Fig. 6 - . . - "- "^^ 

Figure 6 is a diagram of a multi-slot embodiment of the flash-card reader. While 
the single-slot embodiment of Figure 3B results in the smallest physical design, 
somewhat larger flash-card readers can be made that have separate slots for each type of 

25 flash-memory card, rather than a single slot. This negates the need for the adapters. 

Four connectors are provided in flash reader 42: a 50-pin CompactFlash 
connector 62 that fits CompactFlash card 16, a 9 pin MMC/SD connector 64 that fits 
MultiMediaCard 28 or a Secure Digital card, a 22-pin SmartMedia connector 66 that fits 
SmartMedia card 24, and a 10-pin Memory Stick connector 68 that fits Memory Stick 

30 18. 
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Each of the four connectors 62, 64, 66, 68 route their signals to converter chip 40. 
Converter^chip 40 detects when a flash-memory card has been inserted into one of the --^^^^^ 
connectors 62, 64, 66, 68 and configures itself to read files from the inserted card using 
the pin interface of Figure 5 corresponding to the card type. 

y^^^^^^^zr^n^ >; '^^.^^:rflashr:memii^ i':::r.-yfmtmm^m^ 

. chlp 40^j|ehef ates ; 

: r; V, • ^ ■ the.apprbjmate^ t6.transfenflie,data['t6 hostEG 2Qv.; ^^i-:^^"^- ' • VV^^c^^ 

- "ir^ "36^^ sldts in flashread^^S^^^'^^^ 

other-fil^^om'MeilSor^ 

£: r: 'lj8 couldheiransfen^ed to CompactFlash card^l6Aytconverter chip 40 readin^^erial>^diSa-- ^-^^-^^ 

f v'- - ^ h.: -- - from Memorj^ Stick inserted into connector 68^ converting to parallel; and writing to"' ' -X^":^-^^^^ 
. ' • ' connector 62 ahd:eompaclFlash card 16. Each ofthe flash-memorycards in-eonnectors"^^^''-^^^^-^^- - 

connects to host PC 20 through a USB cable; Ofcourse, other cables and interfaces such : : . 

as IEEE 1394 FireWire may be substituted.. - .. ' 



20 Flash Reader Within PC - Fig. 7 

Figure 7 shows a flash-memory reader within a PC. Four slots and fourJ:! ' . \. 
connectors are provided in flash reader 42: A 50-pin CompactFlash connector 62 fits 
CompactFlash card 1 6, a 9-pin MMC/SD connector 64 fits MultiMediaCard 28 or a 
Secure Digital card, a 22-pin SmartMedia connector 66 fits SmartMedia card 24, and a 

25 1 0-pin Memory Stick connector 68 fits Memory Stick 18. 

Each of the four connectors 62, 64, 66, 68 route their signals to converter chip 40. 
Converter chip 40 detects when a flash-memory card has been inserted into one of the 
connectors 62, 64, 66, 68 and configures itself to read files from the inserted card using 
the pin interface of Figure 5 corresponding to the card type. Each of the flash-memory 

30 cards in connectors 62, 64, 66, 68 can be assigned a different drive letter by the operating 
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system, such as e:, f:, g:, and h:. 

i rir.r^ Converter chip 40 executes vaiious routines to perform handshaking with the- ^^.'^-^^^ 

flash-memory cards and accept data, either serially or in parallel The data is buffered - - - . - 
:u and then sent to the CPU 2 1 in PC 20 through an internal USB bus. Converter chip 40 

v.- - - -5 J.:; . generates the sq^pippriate USB-interfiace si^^ : 
^^^m^^"^^^^^^ 8>^shows arPC-Ghassis^withra flasb^card^:^ of the'dnVe l^l^Pd^^^^^^^^^ 

.Ois=">-*.; ' '^^r^r!:^^ -'20^is enclosed:by achassis.qrcase that has several drive bays allowing the uiseror' ' ""^=^^ 
vi-^-;::;':^: r**^*--/> -rvV - : nianufacturerto msertperi^ drives, CD-JiJOii^iiiM^^^ 

■A.. i . . : /:::^iTS^3i=v^ rrDyD- dri^ HDB= bay ^72 contains a hard-disk drive, wMle FDB"bay'74' ^^^^^ 

,.«:v^sv:r- -^^^^^^ inserted^iflto a'USB^'^^^^ 

J- • ATA^ or Other expansion4)us^Gonneetbrs on the mbtheitoard;-^ ■ i^r'^-rtsv "^^^ 

- ••. . ;. v,:- . - ..-^ ' Flash reader 42-is inserted into one of the drive bays. The four* slots face TorwaMr'^^ 

- . r; . \ allowing the. user to insert- flash-memory cards into flash reader 42 much as a floppy disk - ■ ir;v -:.--;r --r,: 
--rl: ^-^A/';^ !>^:^iisanserted^into the:floppy^iskdriye in^fDI3^ j-: - -oljr'-^^^^^^^^ 

;-r-r-%lW:i^^^^^^^ -Elash:.reider 42 can:be iristalled'byttie.user'fr^ 

orfefeileirThfe^ief^^^^ 
can easily transfer digital images from a digital camera, regardless of the type of flash-* 
cardusedbythecamera,dueto the many different formats of flash-memory cards read " " 
by flash reader 42. 

~ 20 

FlashToaster-Fig, 9 - ' - . ^ r . 

Figure 9 is a diagram of a stand-alone FlashToaster that accepts several formats "* - 
of flash-memory cards and can copy images to a removable disk without being connected 
to a host PC. Digital photographers may not always have their PC's nearby. While extra 

25 flash-memory cards can be purchased and swapped in the digital camera, these flash- 

memory cards are somewhat expensive, especially when many high-resolution images 
are captured. Especially during a long trip away from the PC, the user may be limited by 
the capacity of the flash-memory cards. 

FlashToaster 80 has four slots and four connectors are provided in FlashToaster 

30 80. A 50-pin CompactFlash connector 62 fits CompactFlash card 16, a 9-pin MMC/SD 



Best Available Copy 



WO 02/05102 PCTA]S01/41249 



15 

connector 64 fits MultiMediaCard 28 or a Secure Digital card, a 22-pin SmartMedia 
connector 66 fits SmartMedia card 24, and a 10-pin Memory Stick connector 68 fits 
Memory Stick 18. - ■ .... 

Each of the four connectors 62, 64, 66, 68 route their signals to converter chip 40. 
. ■ 5. Converter chip 40. detects when a flash-memory card h . • ' . r 

-^^r^^ / - - coimectOTSi62i-64i-^6F68'^by setfang^car^^ -^"'^^^^ 
:5^:i/rJTr >: ' " • • ^^§4 files from the -inserted card using the pin inteirfaoe of Figure'^5: co&e^sp " : ' p« 

: ./:»^.:.^:^^"^.\-..^ard;lype.i;;v-^-; ryi^r^--^ .jL=^^:^r\ • ■ ' I:-:.'-^^'^— ■ • ^ ■ir-"r :'X;;:.w::._ #^:r^.;f;V':^:i-VC^''>'vl:>^ 

-Toc^-rr r:; " r^;.:^v::;.fv^ - Sonverter ehip-40-executes various routines- to p^fonnhai^ 

. .....flash-rmemoiy^canis^-and-accept data^^either seri data is buffered - ^^-^^^^^^^^^^^^^^ 

- r.:_..>- and then sent:eitherrtO7host:Pe.20:through USB c6nnector 46 or to removable mass '''--^^--^^^^^^ 

:^.zrr^^^.^ • * r r- - ■ storagc 70. Convcrter cMp 40 generates the appropriate USB-intetface signals to trmsfer*"^ ' ~ 

. , _ the data to host PC 20.. Converter chip 40 also generates the control signals for ^^- -^^ f - ^ - r.:L-.v — "^^ 

■■ -^:t^:;^^:v:^-remoy£yW^ allowihgthe image data read from theiflash-memS^ 

:^.::^2\i^^ I5^^fife r:'be;wriien^ 5r^irHigK-^=^^^'^^ 

media such as LS 120 by Lnation of Oakdde, Miimesota, or ZIP drives by Iomega Corp. 
ofRoy,UT. . . - r 

Each of the flash-memory cards in connectors 62, 64, 66, 68 can be assigned a 
20 different drive letter by the operating system, such as e:, f:, g:, and h:. Removable mass 

storage 70 can also be signed a drive letter. - 

When FlashToaster 80 is not attached to host PC 20, image files may still be . . . ,:r ;%- , 

copied to removable mass storage 70. FlashToaster 80 may be carried along on a trip by 
the user, allowing the user to download image files to removable disk 76. Since 
25 removable disk 76 ordinarily has a much higher capacity than the flash-memory cards, 

many pictures may be captured when no access to host PC 20 is available. FlashToaster 
80 can be provided with battery power or with its own AC converter. 

FlashToaster 80 is provided with a smiple user interface, including Ught-emitting 
diode LED 78 and button 79. When the user inserts a flash-memory card into one of 
30 connectors 62, 64, 66, 68, and removable disk 76 is inserted into removable mass storage 
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70, the user presses button 79. This activates controller chip 40, which determines which 
of connectors 62, 64, 66, 68 has a memoi^ card-inserted, and copies the image files to 
removable mass storage 70. LED 78 can be programmed to blink during the copying 
process, and remain lit when the copying is complete, or vice-versa. This provides a « 
, . . . . 5 . .^.simple visual indication to thft user pf the. cop . . ' • 

'^i;]:^,: ^^.yj:;:-:^^,,..-:; ; . _ Converter Chip - Fig. 10 - ' ■■ — ..-/-r 

ib^ Tr-^^s^^; -v^-v sf - ^^Figurc^iEO is^a^diag^ ofithe conVert&^cKip%i^e fla^ i:^5:^?^:^^=^i^:5^ 

s.c;:v^B^r:f^^-^^?-^;:±>:^ flash-TngmSiy^^'^^^— 
" - V . -card connectors and USB interface; Several :different control and transfer routihes^ a^ 

^.v • • written and programmed-into RAM/ROM 94.rGPU 92 then executes these roTixtines.^A'-- 

- -I^V^^^^^^ A^^i-^vthen begin:executi^^ 

General-purpose input-output GPIO 99 provides registers or I/O ports that drive ' - 

external I/O pins of converter chip 40, or read the logic-levels or voltages on input pins 
to converter chip 40. CPU 92 can read registers in GPIO 99 that are written by control 
20 signals that are coupled to I/O pins ofconverter chip 40 from connectors 62, 64, 66, 68. - ' ^ . . . . 

'/ Control signals to the flash-memory cards can be switched high or low by writiiig a 1 or ' 

* ' ■ " a 0 to a register for that control signal in GPIO 99. 

Timers 96 are useful for asserting control signals for a required amount of time. ^^'^^ 
For example, a control signal may need to be asserted for a specified nxraiber of 
25 microseconds. CPU 92 can write a 1 to a register in GPIO 99 and start a timer in timers 

96. Timer 6 can sent an interrupt to CPU 96 when the specified time has elapsed, or CPU 
92 can continuously or periodically poll timers 96 to determine when the specified time 
has elapsed. Then CPU 92 can write a 0 to the register in GPIO 99, causing the control 
signal to transition from 1 to 0. 
30 Shifter 98 is cormected to the data and clock signals from connectors 64, 68. 
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When data is read from the flash-memory card, a clock is pulsed to synchronize the data 
transfer. Shifter as^clqcks.in one bit (serial) or word (parallel) of data for each clock 
pulse. A cyclical-redundancy-check (CRC) can be performed on the data to detect eirors. 
CPU 92 can request re-transmission of data from the flash-memory card when an error is 
detected. . ■ r,^, y ... " - • - ■ ' • 

iDaterread.byj^^^ 

RAM/ROM 94. Later, GEJJ . 92 can execute a routine to transfer.this data from " - 
RAM/ROM 94 to USB interface 100. USB interface 100 then transmits the data-over- an 
. external. USR Unk: to, a host PG:^^ storage is'present, some of the'^'" - 

•. J/0 pins.from_GBI0.99vcan cpnnect to the removablie mass-storage, or a sejparatedisk— '^^^ 
. contTQller can included on controller chip 40.. v... - 

ADVANTAGES OF THE INVENTION 

- - ■ Aviraveiisa^ 
-""'foiffiats.'f fie 

' Stick'cards. The natsh-^ad^reader with a single slot accepts any format card using the" " 
adapter. Special detection logic on the flash reader distinguishes between the many flash- 
card formats. The low-cost passive adapter does not need an expensive converter chip. A 
multi-fonnat reader is ideal for use with a PC. However, a stand-alone flash reader can 
copy image files from flash cards without a PC. Additionally, preparation of media for 
use in devices (format and erase operations) can be done using this reader. 

A universal adapter is constructed using the CompactFlash card form factor. A 
reader that reads CompactFlash cards can then read any of the other flash-memory cards 
that plug into the CompactFlash adapter. The adapters are simple, inexpensive passive 
adapters without a conversion chip. 

The disclosed pin mapping from the smaller flash-card formats to CompactFlash 
allows for easy detection of the type of flash-memory card inserted into the adapter. 
Detection of the type of flash-memory card is thus performed automatically by electronic 
detection by the CompactFlash reader. The CompactFlash reader is modified to perform 
this card-type detection. Signal conversion such as serial-to-parallel is performed by the 
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CompactFlash reader rather than by the adapter. Adapter costs are reduced while 
.XJpiTipactFlash reader cost is increased only slightly. The CompactFlash reader can use a '^^^rj?^^??--- 
single CompactFlash slot to read multiple flash-card types, including SmartMedia, ' " * - - 

MultiMediaCard, Secure Digital, Memory. Stick, and CompactFlash. 

• ' " ---^ other embodiiiierits are conterfip^^^^ inventors. Different flash- 7 ■ ' ' /ri. -1^:^-^ 

" ' 'caid formats can be supposed ' 
* ■ shown in th^lriiilti-card'ffa^ can be used 6)7 ' '^''^ '--" '"""^ '"^ '^'^^^^^ 

10^'' '"^^ -'^liew readerV Any device that needs'^ " --^ . 

^ " ' "^^^^Cohtrol Bus, Clock, Data Bus and Address Bus can be designed tolfft in^ 

Examples of such devices include (but are not limited to) DSL Modems, Fingeipnnr ~ " 

jt:^ .:^'^7?r^^-- to a persiraal 66Sip^ 
""r^Tv^M • s^-^^^^^^ also Fe SMpple cdliipute^^ m?y 

' also be a SUN computer, or any host computer usmg USB or IDE interfaces. The " - 
.. . invention can also apply to Personal Digital Assistants (PDAs) such as by Palm 

Computer or other handheld apphances, such as a Cell phone with USB capability. ' - - - 

The term "CompactFlash reader" has been used for simplicity, since digital ' - - ' * ' ' 
26 images are often read from the flash-memory card and then written to the PC. However, - - 

the CompactFlash reader is capable of reading files from the PC or from another flash- - - ' - --^ . / : 

memory card and writing the file .to the flash-memory card. Thus the CompactFlash 
reader is really a reader/writer. 

In another embodiment, the CompactFlash reader is somewhat larger, and has 
25 multiple slots. The adapter is not needed in this embodiment. Instead, a slot is provided 

for each of the flash-memory card formats - SmartMedia, MultiMediaCard, Secure 
Digital, Memory Stick, and CompactFlash. A PCMCIA slot can also be added. This 
CompactFlash reader can be connected to the PC by a USB cable, or it can be located 
within the PC chassis. 

30 In a third embodiment, the CompactFlash reader is a stand-alone device that can 
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operate without a PC. A removable disk media such as a RAV CD-ROM is included. 
: f;.:^-- - Images from the flash-memory card are copied to the removable disk media by- the 

CompactFlash reader. A simple interface is used, such as having the user presses a'button ' ' ' 

to initiate image transfer. . 

^v.. ^ The foregoing descriptioa of the embodiments of the invention has been ■ " " 

'^^'^^f^'^^^r T ^' preiSCTted fbr.the^|>tu^ description. It is:ilof mf&ide<3^ 

: : . ®^h^stiy^ or tg limit^e jnv^^ to tiie precise form disclosed: Maiiy moaificalibris;f:r%;jt,; I . 

.'v^-Zwr.^.., -.-.^ . : ..and Variations £u:e-pos[sibleL in Hg^ 

vii ^ 1- ^^x: : theinvention be limited liot by this detailed desbnption, but rather by the-claims -^^^^^^^ 

^ ;appiendedJhieretp^:^^:v.r^^ — ^-r::.. -- '•^'^-^j'r:^ ;^>^j-^^^^ 
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CLAIMS 

What is claimed is: " ^ - 

1. . A single-slot multi-flash-card reader comprising: . . . . 

^ - . • . ■rr-,-:^^: . . , . ^ personal compute^^ for. tr^§femng data. to,a pCTspaal con^ j • r.^r^-^\^^^^.jrii^-wi 

a converter means, coupled to the personal computer in^ . ...^ ^^.^ 

. ^ . - multiple flash-card interfaces to a format used by the personal computer interface; , . , . 

.^^ 5^ wherein the„|n|^ltiple.flash-c.ar^ interfaces include a CompactFlash interface and 

..." ....... smaller interfaces having fewCTpi^^ .- ^^^4... .^.■^..•^..^ : . Z 

. „. a Comp_actFlash connector, coupled to the convert^^^ 

CompactFlash card through a single slot in the single-slot multi^^ _ _ 

CompactFlash connector making electrical connection with the CompactFlash card for 
10 _ .signals in the CompactFlash interface; „ ' _ . - ... . ... 

:r^^-^^: ' -^"'V- ' "an'adapter, havmg a physical shape to. removably insert into the CompactFlash ; , ..^3'.. ' 

. ' ■ . connector, the adapter having a mating Compac 1 f 

CompactFlash connector, the adapter also having a smaller connector, the smaller 
connector for fitting to other flash-memory cards having the smaller interfaces; and 
15 ^ vi^iring means, in the adapter, connected between the smaller connector and the 

mating CompactFlash connector, for directly connecting signals from the smaller 
connector in the smaller interface with signals in the mating CompactFlash connector; 

whereby the adapter allows the other flash-memory cards having the smaller 
interfaces to fit into the CompactFlash connector through the single slot to be read by the " 
20 converter means. 

2. The single-slot multi-flash-card reader of claim 1 wherein the wiring 
means connects card select signals from all of the smaller interfaces to card select signals 
in the CompactFlash connector; 

wherein the converter means includes card-detect means, coupled to sense the 
25 card select signals, for detecting presence of a flash-memory card inserted into the 

CompactFlash coimector, 
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whereby the converter means detects presence of CompactFlash and the other 
flash-memory cards having the-smaller-interfaces. 

3. The single-slot multi-flash-card reader of claim 2 wherein the wiring 
means connects signals from the smaller mterfaces to least-significant-bit (LSB) address 
-signals in-the CoiripM ...... ^ ji^:. f 

wherein the co;pverter mem^ sense 
the LSB address signals, for det&ct^j type of ^flash-memory card inserted iiito the 
CompactElash conhectorj , ' ^-p-^- . . . ^. : ; .-.^ ^ v. 

:* wherein the type of flash-memory card detected includes CompactFlash cards and 
smaller flash-memory cards having the smaller interface . ' 

whereby the converter mean's "detects the type of flash-memory card inserted 
including CompactFlash and the other flash-memory cards having the smaller interfaces. 

4; - The single-slot multi-fla^^^ v/herein die LSB 

• address signals compinse- m in the CompactFlash ihterface; 

wherein the Al signal is connected to a serial data signal in the smaller interface 
when the smaller interface is a MultiMediaCard, Secure Digital interface or a Memory 
Stick interface, 

whereby type detection is performed using the Al signal connected to the serial 
data signal of the smaller interfaces. 

5. The single-slot multi-flash-card reader of claim 4 wherein each type of the 

flash-memory cards for the smaller interfaces drives signals connected to the LSB 

address signals by the adapter to different logic levels; 

wherein CompactFlash cards do not drive the LSB address signals, 

whereby the LSB address signals float for CompactFlash cards, but at least one of 

the LSB address signals are driven by the other flash-memory cards having the smaller 

interfaces when coraiected by the adapter. 
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6. The single-slot multi-flash-card reader of claim 5 fiirther comprising: 
^ puUup^resistors, connected to the LSB address signals from the CompactFlash 
connector, for pulling the LSB address signals high when the converter means and the 
flash-memory card are not driving signals connected to the LSB address" signals, 
5 - whereby the pullup resistors assist card-type.^^^ - ^ - :: . ; ; 

- ^ - itieaiis fsiS^asisra^^ means without^aGtimcomponerits including4ntiegrated 

r^l- - - chips, " :*'^:'^':>'- s-'-^f^^^^^^L::-^ 

dO^'^v ' - : whefeby^^ - " " 



. ^ ^ - * : . - 8;* The single-slot multi-flash-card reader of claim 7'wherein the smaller 

- interfaces are selected from the group .consisting of MultiMediaGard, Secure Digital, and 

: . j^^Mempry Sti^ ; . ' "i-:"' 

a second adapter, having a physical shape to removably insert into the - 
" CompactFlash connector, the second adapter having a mating CompactFlash connector 
that fits the CompactFlash connector, the second adapter also having a second smaller 
20 connector, the second smaller connector for fitting to a SmartMedia flash-memory cards 

having the smaller interface for SmartMedia, 

whereby the second adapter connects SmartMedia flash-memory cards to the 
CompactFlash connector. 

25 1 0. The single-slot multi-flash-card reader of claim 9 further comprising: 

a third adapter, having a physical shape to removably insert into the 
CompactFlash connector, the third adapter having a mating CompactFlash connector that 
fits the CompactFlash comector, the third adapter also having a third smaller connector, 
the third smaller coimector for fitting to a Memory Stick flash-memory cards having the 

30 smaller interface for Memory Stick, 
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whereby the third adapter connects Memory Stick flash-memory cards to the 
CompactFlash connector. 



1 1 . The single-slot multi-flash-card reader of claim 1 0 wherein the 
, CpmpactF.lash interface has-5Q.pins including power and ground pins; - * • 

. , -1 ' ; wherein the smaller interfaces have no more than lO pins iricludihg'powef a^^ 

:7V::rt4v>^j6rpund-pins>:v . - . - ' ■'. ' . ~. 

' r: : , - 12: . -The single-slot multi-flash-card reader of claim ^ • - 

-lOP^^^-^-m^ - . - 

- serial-to-parallel means-receiving serial data from the smsQler interfaces^ ■'- 

^ . . converting serial data to a parallel data format for transfer to the personal computer, - 
' . - / _ whereby serial data from the smaller interfaces is converted to parallel, but" " 

: ; - jr ^pariallel^^ .- : ; 

:* ~ : - . 13r ♦ * A multi^flastecaird reader comprising: * - ' . - ' 

a host connection for transferring data to a host computer; 
aconverter chip, coupled to the host connection, for converting signals from- / 
flash-memory cards to read data from the flash-memory cards for transfer to the host 
20 computer; 

a first connector, coupled to the converter chip, for accepting a CompactFlash 
card inserted into a first slot for the first connector, the first connector having a parallel- 
data bus and an address bus and control signals for controlling parallel data transfer from 
the CompactFlash card to the converter chip; 
25 a second connector, coupled to the converter chip, for accepting a SmartMedia 

card inserted into a second slot for the second connector, the second connector having a 
parallel-data bus and control signals for controlling parallel data transfer from the 
SmartMedia card to the converter chip; and 

a third connector, coupled to the converter chip, for accepting a MultiMediaCai d 
30 MMC card inserted into a third slot for the third connector, the third connector having a 
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serial-data pin and a clock pin for controlling serial data transfer from the MMC card to 
the converter chip; v - 

wherein the converter chip controls parallel data and address transfer for the 
CompactFlash card, parallel data transfer for the SmartMedia card, and serial data • 

tramsfer for the M . . *: - : . - : , . ^ - ■ - . . 

- ,-y.-fAvhereby multiple flashrmOTiory card^ 
using the converter chip .... . 

.14. -ii^Themulti-flashrcardr^^ 
, second connector, and the third connector each have-card detect signals for deteeting - '^- 
presenccpf a;flash-memory card inserted-into- a coniiector;: 

/ - wherein the converter chip senses a vpjtage ch^ge in the card detect signjals frbni 
a connector, and activates a routine to access the flash-memory card.actiyating.thexard. u 

_/leteCtsigI]^lS^ . ; z: : _ ...-; >; v.,^r;^l^>:^:.^^^ 

; . whereby flash-memory cards, are "detected by ^ - ' 

15. The multi-flash-card reader of claim 14 further comprismg: . - 

a fourth connector, coupled to the converter chip, for accepting a Memory Stick 
card inserted into a fourth slot for flie fourth connector, the fourth connector having a 
serial-data pin and a clock pin for controlling serial data transfer from the Memory Stick 
card to the converter chip; 

wherein the converter chip also controls serial data transfer for the Memory Stick 

card. 

16. The multi-flash-card reader of claim 1 5 wherein the host connection is 
through an extemal cable to the host computer; 

wherein the multi-flash-card reader is in an extemal housing separate from the 
host computer chassis, 

whereby the multi-flash-card reader is extemal. 
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17, The multi-flash-card reader of claim 1 6 further comprising: 
a removable mass storage, coupled-to the converter chip, for accepting a 
removable disk through a fifth slot in the external housing, the removable mass storage 
storingdatafrom the flash-memory card in response to the. converter chip; . - 

- 5 whereby data is transferred to the removable mass storage. ~ "/ 'y-- -y-.'^i;^--^-: - - \- 

: > v^:^:: - v^.:^ h^r-- l^. The multi-flash-c^ reader pfxlainTR 

^t^,:.,^..,^^^!: r . :„:v.v. an activating switch, closableBy a iiSeJ^initiating transfer of data from ailaslF- - — - - 

: . ^v>>^>~-^^^^ to the removable mass --^ 

.S;:-?-^=i-^^^:-^.^5- A\dierebyviiser«^activated^d^a transfer to the removable mass storage is liiitiatfed^tiy--^^^ - 

-re^rfi^^i^'^.y:'.:. : the-actiyatinjgrswitch. ...:v^^-— ->--"-r=v-----'^^^ -"^ • " '* • '"'^^^^^^^:nryr''^ 

4^3VS^#^v^ i ^ . - The multirfladi-card readepofclaim 18.wh:^:d^^ 

: : ' opei^es. when^erhost eoimecti to the Ho^st c^pifter, -^^^ 

^^'^ ;;r^. . whereby the multi-flasH-cafd reader is a stand-alone reader for transferring^data^-'^'-^ ^- (^^-^^'^-^^r-- - = 
from a flash-memory card to the removable mass storage. - 

- : 20. Themulti-flash-cardreaderof claim 19 wherein the removable mass: "^^^^^^^^ 

- - 20 - storage accepts a removable tape or a removable rotating disk as a storage media. " " ' ' 

- — 21. Themulti-flash-cardreaderof claim 15 wherein the host connection is ' ...... 

through an internal cable to a board for the host computer; 

wherein the multi-flash-card reader is in a computer chassis that contains the host 
25 computer, 

whereby the multi-flash-card reader is internal. 



30 



22. The multi-flash-card reader of claim 21 wherein the multi-flash-card 
reader is located in a drive bay for an extra disk drive in the computer chassis. 
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23. The multi-flash-card reader of claim 15 wherein the converter chip further 
comprises: —^---rrrrr- 

a memory for storing routines for detecting presence of the flash-memory cards in 
the first, second, and third connectors, and routines for transferring data from the flash- 
-5 - memory car to the host computer; - • - . - . : . . . . 

central- processing unit means for executing the routines stored in the membVy; ' '"^-^^ "~ * ' 

timers, .coupled<g':the ;cen1rd:^^^^ unit means, for determining a time ^ ' * > ^ ^ v 

•.. V... interval;..-;:.' . .. *L^:?;^- -x-^v: •. s^^^ --^i^^',.^: .-^t.,^: ■ ■ .\ :vr.. 

r-rr. _ ^- -input-output means,' respob^^ central processing unit "inekns, for serisihi^^^^'' ^^*^ 

,10 input signals-: from- thevfirst,,secoHd; and third connectors, and for driving output sisals -''^-''^-'^^^^ 

ii-^-^v .^i;ry:0:the:first^:S^^^ -r---^-^. -., . . - ■-, , . v- -; .y : ' ^^.^^v^^;^r:^=:^:r;:: 

- ' -^r : ^ shift means, responsive to the central processing miitniea^ ^ 
data from the third and fourthxonnectors, but for shifting par^^^^ - ^ 

- seccmd.comectors.-.:;^fr:vM^^^^ :* 
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